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Foreword 


(£ gj ' his booklet endeavors to explain fully and accu- 
S rately, and yet in a simple and understandable 
manner, the operation of the panel type ma- 
chine switching telephone system. It has been com- 
piled from information furnished by the American 
Telephone & Telegraph Company and is designed for 
the use of students of Telephone Engineering and 
Telephone Engineers who require a general picture of 
the apparatus and its functions rather than a detailed 
description of operation. 


The text follows closely that of lectures which the 
author has delivered to employees of the New York 
Telephone Company and the description has been con- 
fined to the apparatus and circuits used in the larger 
central offices in the City of New York. Most of the 
illustrations are already familiar to Telephone Engineers 
but many of them are new and have been especially 
designed to emphasize the basic principles upon which 
the system is founded and to make clear by means of 
simple diagrams the relations between the various pieces 
of apparatus which are sometimes not easily understood 
from even the most carefully written descriptions. 

It is hoped that telephone experts will overlook a lack 
of meticulous accuracy in some of the statements on the 
ground that simplicity is the more desirable attribute 
and that those who find the explanations too involved 
will be equally lenient when the magnitude of the sub- 
ject is considered. 


General Principles 



I N A manual telephone system the subscriber 
tells the number he desires to an operator 
who selects the number for him and connects 
his line to the line of that number or 
who, in larger systems, connects the 
line to a trunk to a distant office 
and repeats the number he 
desires to another operator who 
selects the line for him. In 
machine switching systems, the 
sequence of operations is some- 
what similar but the operations 
are performed by electromechan- 
ical switches. 

Since an electromechanical 
switch cannot respond to the 
voice of the subscriber as an 
operator can, it is necessary to 
provide a means for the sub- 
scriber to tell the switches what 
number he wants. This mecha- 
nism is the “dial” (Figures 
Number 1 and Number 2). Most 
people are now familiar with the 
operation of the dial. The sub- 
scriber puts his finger in 
the hole of the dial in 
which appears the letter 
or figure which he wishes 
to tell to the switches, 
pulls the rotating disc 
around until his finger 
strikes the stop and lets go . 


A spring rotates the disc back to its normal 
position and in doing so simply opens and closes 
the circuit of the subscriber’s line the number 
of times indicated by the figure 
under the hole into which the 
subscriber puts his finger. It 
must be remembered that that 
is all the dial does — it opens and 
closes the circuit of the subscrib- 
er’s line a certain number of 
times. A little governor in the 
back of the dial controls the 
speed of the rotating disc and 
assures that the opening and 
closing of the circuit is uniform 
and regular. By performing this 
operation the proper number of 
times, the subscriber tells the 
switches the central office in 
which the desired line is located 
and the number of that line. It 
should be noted that rotating 
the disc with the finger in the 
hole marked “zero” opens and 
closes the circuit ten times, 
since opening and closing 
it zero times would mean 
not opening and closing 
it at all. This, then, is the 
way in which the sub- 
scriber tells the switches 
what number he wants. 
The simplest form of 
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mechanical telephone (Figure Number 3) would be 
some sort of electromechanical switch electrically 
connected to the subscriber’s line, the arm of 
which would, by means of a magnet, be moved 
one step each time the circuit of the subscriber’s 
line was made and broken by the dial. This would 
enable the subscriber to connect his telephone to 
any one of several other telephones by a single 
rotation of his dial. 


More telephones could be reached by the sub- 
scriber by arranging the switches as in Figure 
Number 4. Here the first rotation of the sub- 
scriber’s dial moves the arm of the first switch 
while the second rotation of the dial moves the 
arm of the second switch. To insure that the 
second switch is moved by the second rotation of 
the dial and the first switch not moved, a slow' 
release relay is included in the circuit. This relay 
is so slow that it will not release during the rapid 



pulses produced by the dial but does release in the 
pause which ensues when the subscriber reaches 
for the second pull of the dial. This slow release 
relay is a fundamental principle of dialing tele- 
phone systems. 

The arrangement of switches as shown requires 
that one selector switch be provided directly con- 
nected to each subscriber’s line. During the time 
that the subscriber is not using his telephone this 


switch is, of course, idle. In Figure Number 5 we 
see a complete telephone system on this principle 
but the number of switches has been reduced by 
introducing a switch known as a line finder. One 
of these switches is provided for each five sub- 
scribers’ lines and is so arranged that it auto- 
matically moves to the terminal of the subscriber’s 
line whose receiver has been taken off the hook to 
make a call. The use of this switch in the system 
shown is based on the idea that out of each five 
subscribers only one will be using his telephone 
at any one moment. It is possible, of course, to 
provide two of these switches for each five sub- 
scribers or any other number, depending upon the 
number of subscribers which it is found will be 
using their telephones at the same moment. 

An additional feature is illustrated in Figure 
Number 5 . It will be seen that there are two 
trunks between Office “A” and Office “B” and 
that these trunks are multipled to both the 
selector switches shown. Thus, two subscribers 
may at the same moment talk from Office “A” 
to Office “B” but this requires an additional fea- 
ture in the selector switch. It must be so arranged 
that if it is moved by the subscriber’s dial to a 
trunk which is already in use, it will automatically 
move to the next trunk. This feature is known as 
“trunk hunting” and is another characteristic fea- 
ture of mechanical telephone systems of this type. 

It should be observed that no attempt is made 
to make the action reversible; that is, an entirely 
separate set of apparatus must be provided for 
calls from Office “B” to Office “A.” This is the 
usual arrangement in mechanical telephone sys- 
tems of this type. A system based on the princi- 
ples described above would be quite practical. 
There are other considerations, however, which 
influence the design of the apparatus. 

The system described above operates on the 
“step-by-step” principle and is of the rotary type; 
that is, switch arms move in a series of steps and 
in the arc of a circle. The making and breaking 
of the subscriber’s line circuit causes directly the 
movement of the switches which make the con- 
nection to the called line. This may be called 
“direct control.” It follows also that the dialing 
of any digit causes the switch which- is at that 
moment connected to the subscriber’s line to make 
a corresponding number of steps; thus if 5 is 
dialed, the switch will make 5 steps, etc. This is 
described as “numerical selection.” 

A system operating upon these principles is in 
extensive use in many of the smaller cities of the 
United States and has proved to be well adapted 
to the conditions encountered in these cities. 
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In the simple system illustrated above, two 
trunks are shown between Office “A” and Office 
“B” in the group over which the selector switch 
can hunt to find an idle trunk. In systems of 
this type the number of trunks in one group over 
which a selector can hunt is generally limited 
to ten by the mechanical limitations of the switch. 
Where more than ten trunks are required to some 
one place, they must be divided into two or more 
groups, each of which does not exceed ten. If 
all of the trunks in one of these small groups 
become busy, a selector hunting in that group will 


not be able to complete the call although there 
might still be idle trunks in other groups. Could 
all of the trunks be placed in one group so that 
each selector could hunt over all of them it would 
always be possible for every selector to complete 
a call so long as there remained any trunk still 
idle. One group of twenty trunks will, in this 
way, handle more than twice as much traffic as 
two groups of ten trunks. Where a large number 
of trunks is required to each office, the advantages 
of apparatus so constructed that the selectors can 
hunt over large groups of trunks are apparent. 


Principles of the Panel System 


The panel type of apparatus is so constructed 
that the selector may hunt over a group of trunks 
as large as ninety but this group may also be 
divided into smaller groups, if desired, so that 
groups of 5, 10, 20, 30, etc., trunks may be ob- 
tained without waste. 

When this arrangement is adopted, it is neces- 
sary to abandon direct control by the subscriber’s 
dial, for if we wish a selector to choose the fourth 
group of trunks it might be necessary for it to 
jump ten trunks at the first step, 20 trunks at the 
second step and 40 trunks at the third step. This, 


of course, would be a very difficult matter to 
arrange. Furthermore, with a group of ninety 
trunks the time taken for the selector to find an 
idle trunk in this group, which might be the very 
last trunk, probably would be longer than the 
pause which the subscriber would make between 
the dialing of successive digits and therefore the 
subscriber might dial the second digit before the 
selector had completed the selection indicated by 
the first digit. Other reasons for the abandon- 
ment of direct control will appear as the system is 
considered in more detail. 


a. 
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When direct control is abandoned, there is no 
longer any object in having the selectors move by 
steps, and since the apparatus, to work over such 
large groups of trunks, is necessarily somewhat 
large and heavy, it is found more practicable to 
move the selectors by means of an electric motor 
which will provide ample power and positive 
motion. 

In addition to the abandonment of direct con- 
trol it is necessary in such a large and complicated 
installation as that required in a large city to 
abandon also numerical selection, for it often is 


to the groups of trunks to which the various 
selectors move in completing his call and that the 
selectors do not move in unison with his dialing. 
Therefore it will be necessary to provide some 
apparatus which will receive the dialing from the 
subscriber, record it, hold it, change it as neces- 
sary, and transmit it to the various selectors so as 
to control their movements and direct them to 
the proper places. This apparatus is called the 
“sender.” 

Figure Number 6 shows diagrammatically the 
principles of the panel type machine switching 



Figure 6 


impracticable to make the group of trunks de- 
sired when, say, the digit 9 is dialed, the ninth 
group of trunks. If it is necessary to reach the 
fifth group of trunks when the digit 9 is dialed, 
some means must be provided to move the selector 
over five groups although the dialing actually 
makes and breaks the subscriber’s line circuit nine 
times. It will be seen later that there are other 
reasons for doing away with numerical selection. 

Having now abandoned direct control and nu- 
merical selection, it will be clear that the digits 
which the subscriber dials have no direct relation 


system. This embodies the same fundamental 
ideas as the previous system, having a line finder 
switch and a series of selector switches, but the 
terminals over which the selector switches move 
have been arranged in vertical rows instead of in 
arcs and the switches are moved by motors instead 
of by magnets. No attempt is made to have the 
switches move in unison with the movements of 
the subscriber’s dial. The dialing of the subscriber 
is registered in the sender and from that registra- 
tion the movement of the switches is controlled 
after the subscriber has dialed. 
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Construction of the 

In order to understand fully the operation of the 
panel type machine switching system it is neces- 
sary to study the mechanical details of the various 
pieces of apparatus as actually constructed. The 
principal piece of apparatus which gives the system 
its name is the panel type selector, so called be- 
cause the terminals over which the selector passes 
are arranged in a flat rectangular bank or panel. 
This is used throughout the system in various 
forms, differing in size, in detailed arrangement, 
in electrical connections, but all having the same 
general mechanical construction. We will begin 
by considering the general construction and de- 
scribe later the detailed differences which dis- 
tinguish the various selectors. 

Figure Number 7 is a general view of selector 
frames in an office and Figure Number 8 is a 
closer view of a typical selector frame. It will be 
observed that all apparatus is mounted upon a 
structural iron framework securely bolted to the 
floor and to the ceiling. In Figure Number 8 there 
will be seen five banks of terminals mounted one 
above the other. Figure Number 9 shows one 
of these banks removed from the frame. It 
consists of flat strips of brass having projecting 
lugs, separated by strips of insulating material and 
clamped together by long bolts passing through 
holes in all of the strips. The lugs are so arranged 


Panel Type Selector 

that they project on both sides of the bank and 
are repeated thirty times on the front and thirty 
times on the rear of each strip. A set of three 
strips constitutes the terminals of one line or 
trunk and they are designated “tip,” “ring” and 
“sleeve” terminals as in manual practice. 

The terminals of the lines or trunks then appear 
in vertical rows, each row containing 100 lines or 
trunks in each bank and there are thirty such rows 
on the front and thirty on the rear, so that each 
line or trunk appears sixty times in each bank. 
Connections to the lines or trunks are made by 
wires soldered to lugs at one or both ends of the 
bank. In actual practice, in those selector frames 
where these terminals represent trunks, only 90 
of the 100 possible trunks in each bank are used 
as trunks, the remaining 10 being required for 
other purposes. 

The selectors consist of vertical brass tubes, one 
mounted opposite each vertical row of three 
terminals and arranged to slide up and down. 
Since there are 60 vertical rows, 60 selectors can 
be accommodated on each frame, 30 on each side. 
The selector tubes carry sets of spring fingers or 
“brushes” in front of each bank which may be 
made to rub on the terminals when the selector 
is driven up or down. 
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Figure 11 


which normally stands just in front of the revolv- 
ing rolls but not touching them. In front of each 
rack is an electromechanical device called a 
“clutch.” The clutches are shown in position in 
Figure Number 12 and a separate clutch in Figure 
Number 13. When an electric current is passed 
through one of the magnets of the clutch a roller 
attached to its armature presses the rack against 
one of the revolving cork covered rolls which, by 
friction, moves the selector up or down. A spring 


pawl which can be seen just above the upper roller 
of the clutch in Figure Number 13 drops into 
notches punched in the rack and prevents the 
selector from falling when it has been raised. 
An arm on the armature of the down drive magnet 
of the clutch withdraws the pawl when the selector 
is driven downward. The rack, brushes, and 
upper part of the clutches are clearly shown in 
Figure Number 14. 

Corresponding terminals of the five brushes on 
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each selector tube are connected together by wires 
which pass inside the tube and come out at the 
top where they are connected to another brush 


of different construction mounted at the extreme 
top of the tube. This brush slides on a “com- 
mutator” which consists of brass bars molded in 
insulating material and serves to conduct current 
which enters the commutator to the moving 
selector brushes. The commutator and the com- 
mutator brush also control electrically the move- 
ment of the selector, as will be described later. The 
commutator and commutator brush are shown in 
Figure Number 15. 

The selector brushes which are shown in detail 
in Figure Number 16 do not normally touch the 
terminals, their fingers being held apart by two 
little hard rubber rollers which are forced between 
them. When the selector rises, no contact is made 
with any of the terminals unless one of the 
brushes is closed or “tripped” by withdrawing the 
rubber rollers which hold the brush open. Be- 
tween each selector tube and its terminals and 
encircled by the fingers of the brushes is a small 
vertical brass rod arranged to be partially rotated 
by a magnet at the top of the clutch (see Figure 
Number 14). This rod carries five spring mounted 
latches and is called the “trip rod.” Either in the 
normal position or when fully rotated, the latches 
of the trip rod do not interfere with the movement 
of the selector, but if the selector is raised to a 
certain point and the trip rod then rotated, one 
of the latches will catch on a projection of its 
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Figure 17 


associated brush and be held there while the other 
latches continue to rotate with the trip rod. This 
projection is attached to the hard rubber rollers 
which hold the brush open and any further up- 
ward movement of the selector will now cause the 
hard rubber rollers to be withdrawn and the brush 
to close and make contact with the terminals of 
the bank. When the selector descends again a 
long trigger attached to the hard rubber rollers 
strikes the framework and restores the brush to 
its normally open position just as it reaches the 
lowest point of its travel. The various steps in 
tripping a brush are shown in Figure Number 17. 

The brushes on the selector tube and the latches 
on the trip rod are placed equal distances apart 
but the latches are not the same distance apart 
as the brushes. There is, therefore, a certain 
position of the selector in which the first latch on 
the trip rod will, if the rod is turned, catch the 
projection on the first brush but in this position 
none of the other latches will catch the projections 
on the other brushes, being too high. Similarly, 
there is a certain position in which only the second 
brush will be caught, the latch for the first brush 
being too low and the latches for the other brushes 
being too high. This is shown diagrammatically 
in Figure Number 18. Thus by moving the 
selector up to a certain point before turning the 
trip rod, any one brush on that selector can be 
tripped but not more than one brush can be 
tripped at once. By this plan any terminal in 
any of the five banks can be reached by the selector 


although the total travel of the selector is only 
the height of one bank. 

Trip Rod 



15 


Figure 18 
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Figure 19 


The Sequence Switch 


The circuits which control the movements of 
panel type selectors are necessarily complicated 
and their operation requires the making and 
breaking of a large number of connections. Some 
of these connections are established or broken by 
means of relays. To reduce the number of relays 
required, a special form of switch called a “sequence 
switch” has been developed which, in general, 
performs the functions of a group of relays. Figure 
Number 19 shows one of these switches and 
Figure Number 20 a number of them mounted 
upon the framework. One of these switches is 
associated with each selector and the 30 switches 
associated with the 30 selectors on the front of 
the frame can be seen at the right of Figure Num- 
ber 8. The 30 switches associated with the 30 
selectors on the rear of the frame are mounted in 
a corresponding position at the right of the selec- 
tors on the opposite side of the frame. Switches 
of this type are also used for other purposes 
throughout the system. 

The sequence switch is somewhat similar in 
principle to the controller of a street car. It 
consists of a number of discs or “cams,” each 
composed of two plates of metal riveted one on 
each side of a disc of insulating material and all 
mounted on a square shaft which can be revolved. 
Four contact springs rest on each disc and a 


fluted cam with a spring roller at the end of the 
shaft serves to hold the shaft in any one of eighteen 
positions which are indicated by a numbered wheel 
at the opposite end of the shaft. The metal 
plates are cut with irregular notches so that in 
certain positions of the shaft certain contact 
springs rest on the metal of the plates and others 
on the insulating material, while in other posi- 
tions different springs rest on the metal and the 
insulation, respectively. Turning the shaft there- 
fore serves to make and break the connections 
between contact springs in various combinations. 
As one of these switches will accommodate as 
many as 24 cams, each of which has four contact 
springs, there may be 96 separate wires connected 
to the switch, which by turning the shaft can be 
connected or disconnected in 18 different arrange- 
ments and each arrangement is capable of an 
almost infinite number of variations by changing 
the shape and size of the notches in the metal 
plates. Contacts may be made or broken simul- 
taneously or separated by exact time intervals, 
a thing which it is difficult to do by means of 
relays. 

The functions of a sequence switch in controlling 
a selector are enumerated in Figure Number 21. 
Position Number 1 is the normal position of the 
switch when the selector is not in use. As soon as 
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Figure 20 

the selector has been chosen to be used in making 
a call, it is necessary to select an idle sender. This 
is not done by the sequence switch but it serves 
to make certain electrical connections for this 
purpose when it is turned to position Number 2. 
Until the idle sender has been found, nothing more 
can be done, so the sequence switch is turned to 
position Number 3, where the connections are 
arranged to wait for the sender. In the same way 
for each new operation to be performed the se- 
quence switch is turned to a new position and in 
that position makes the proper electrical connec- 
tions for that operation. 

The sequence switch is turned by a friction drive 
mechanism at the end of its shaft. Next to the 
fluted cam is an iron disc mounted on a flexible 
bronze spider. With the sequence switch mounted 


on the framework, this disc stands close to but 
not touching a horizontal iron disc on a vertical 
brass shaft which is constantly revolved by the 
same motor which drives the cork covered rollers 
for the selector drive. Close to the first disc is an 
electromagnet. When current is applied to this 
magnet the flexibly mounted disc is drawn against 
the revolving disc and the sequence switch shaft 
is driven around by friction. The current on the 
magnet is maintained by a contact spring on the 
fluted cam which does not allow the switch to 
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stop until it falls into an insulated notch in Jhe 
fluted cam. It is only necessary, therefore, to 
put current on the magnet momentarily and the 
switch will revolve to the next position at which 
there is a notch in the fluted cam. If there is no 
notch in a position the switch will not stop in that 
position. Each time the switch stops it is neces- 
sary to apply current momentarily to the magnet 
to make it turn to the next position. 


Other Types of Apparatus 


Figure Number 22 shows interrupters which are 
used for operating time measures, providing a 
busy signal, etc. A gear mounted at the top of 
the sequence switch driving shaft revolves a cam 
which moves back and forth a long bar, studs on 
which open and close a number of contacts. The 
lower interrupter in Figure Number 22 has a 
double reduction gear under the metal cover, so 
that it moves very slowly. 

Another type of apparatus used in this system 
is the rotary switch shown in Figure Number 23. 
This switch has six rows of 22 terminals each, 
arranged in an arc, and a set of double armed 
brushes which wipe over the terminals. The 


brushes are rotated by means of a magnet which 
actuates a ratchet and pawl, the brushes making 
one step by each operation and release of the 
magnet. The armature of the magnet also oper- 
ates a set of contacts and with these connected 
in series with the magnet winding, the magnet 
when it operates opens its own circuit and drives 
the brushes around continuously in a series of 
rapid steps so long as current is supplied. This 
switch without the above contacts is used for 
various purposes where it is required to make one 
step each time the circuit is made and broken, 
such as recording the pulses from the subscriber’s 
dial, or as a time measure, when it is operated by 
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an interrupter which regularly opens and closes It should be observed that in all the above 
the circuit. With the contacts connected, it is apparatus the contacts are made on vertical sur- 
used as >a hunting selector, the current being faces and are wiping. Such contacts free them- 
applied continuously and being cut off by the selves from dust which would accumulate on 
switch itself when the brushes come in contact horizontal surfaces and by the wiping action keep 
with the terminal for which the switch is hunting, themselves clean and bright so that dust covers 
Figure Number 24 shows a number of these or dust-tight cases are not necessary, 
switches mounted on a framework. 
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Method of Operation 


Figure Number 25 shows the general plan of a 
call from one machine switching subscriber to 
another. The rectangles represent the terminal 
banks of panel type selector frames and the 
vertical lines with arrowheads represent selectors. 
When the subscriber removes his receiver from 
the hook he permits current from the central 
office to flow through his line, operating a line 
relay, one of which is provided in each subscriber’s 
line. The operation of this relay causes a line 
finder selector to start and to move upward until 
it finds the calling line. This connects the dis- 
trict selector associated with the line finder to 
the calling line. The district selector is the path 
by which the call must pass outward and it may 
be likened to the calling cord of a manual cord 
circuit, while the line finder performs the functions 
of the answering cord. 

Each line finder selector is cabled permanently 
to a district selector. A third leg of the circuit 
extends to the sender selector, which is a rotary 
switch. Sender selectors are shown in Figure 
Number 24. As soon as a line finder starts to 
hunt for a calling line, the attached sender selector 
hunts for an idle sender. When both the line 
and the idle sender have been found, a tone called 
“dial tone” is sent to the subscriber as an indica- 
tion that the apparatus is ready for him to dial. 
The subscriber then dials and the pulses of current 
from his dial are recorded in the sender, which 
then controls the movements of the other selectors 
in a manner which will be described later. 

The district selector may connect the sub- 
scriber’s line to a trunk to the distant office that 
he is calling. The 450 trunks which can be reached 
by a district selector are, however, not enough in 
large districts to provide sufficient trunks to all 
the offices which a subscriber may call. In this 
case, the district selector connects the subscriber s 
line to a trunk leading to an office selector which 
can reach trunks to the office called. Each group 
of office selectors can reach 450 trunks, so that 
by providing a number of groups of office selectors, 
trunks can be provided to any number of offices. 
The trunk to the distant office terminates there 
on an incoming selector. If the incoming selector 
selected the terminals of the subscriber called, 
only 500 subscribers could be reached, as only 500 
lines can be connected to a panel type selector 
frame. Each office is arranged for 10,000 stations, 
so that 20 selector frames or groups of selectors 
are required to reach all the stations, each selector 
frame or group of selectors reaching a certain 500 


stations. The incoming selector, then, is arranged 
to select a trunk to a final selector on one of these 
20 frames and the final selector selects the station 
desired. 

Not all calls will be for subscribers in distant 
offices. If a station in the calling subscriber’s 
own office is called, the district selector may route 
the call directly to an incoming selector in the 
calling subscriber’s own central office. On certain 
calls, such as toll calls, and calls for information, 
or if the subscriber wishes assistance, it will be 
necessary for him to be connected to an operator. 
This is accomplished by the district selector, which 
instead of choosing a trunk to an office selector 
selects a trunk leading to a jack in a switchboard 
where the call is answered by an operator. Calls 
of this character, calls for subscribers in manual 
central offices, and calls coming into the office 
from manual central offices will be described later. 

Each of the various selectors mentioned above 
has certain peculiarities which adapt it to its 
particular functions. Figure Number 26 shows 
a frame of line finders. It will be seen that 
the line finder is a panel type selector but differs 
from the general type in having 15 small banks, 
each 20 sets of terminals high, thus accommodating 
300 subscribers’ lines. (A later design has 10 banks, 
each 40 sets of terminals high, taking care of 400 
subscribers’ lines.) In these banks four terminals 
are provided for each line instead of three as in 
other panel selectors. The object of the small 
banks is to reduce the travel of the selector and 
therefore to reduce the time required for the 
selector to reach the terminals of the calling line. 
This time is further reduced by dividing the bank 
in half and reversing the order of the terminals in 
half of the bank so that a line whose terminals 
appear near the top in the left-hand half of the 
bank appears near the bottom in the right-hand 
half. To find the calling line a selector is used 
which has the shorter distance to travel unless all 
such selectors are busy, when one of the other 
selectors will be used. Instead of a vertical trip 
rod for each selector, the line finder has a hori- 
zontal trip rod for each bank. The trip rod associ- 
ated with the bank in which the calling sub- 
scriber’s line appears will trip the corresponding 
brush of any selector which rises when the sub- 
scriber removes his receiver. The trip rods and 
the magnets which operate them can be seen at 
the right of Figure Number 27. The circuits 
are arranged to prevent two or more lines calling 
at the same moment from interfering with each 
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Figure 25 

Plan of Direct Mechanical Connections 
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Line Finder Frame (300 point) 
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Figure 27 



other and yet to insure that each line calling is 
attended to promptly. 

District selectors are typical panel type selectors 
similar to those shown in Figure Number 8. In 
Figure Number 28 the large rectangles represent 
the five banks of terminals and the smaller rec- 
tangles represent ten trunks each, except at the 
top of each bank where there are two groups of 
five trunks each. Every eleventh terminal and 
an additional one between the two groups of five 
trunks at the top of the bank is arranged as an 
overflow terminal for use when the ten trunks 
below it are all busy. The trunks can be used in 
groups of any size from 10 to 90 in multiples of 
10 and by using the groups at the top of the banks, 
trunk groups of only 5 trunks can be obtained. 
When a trunk group larger than 10 is used the 
intermediate overflow terminals are made busy, so 
that the selector passes right over them. The 
size of the group to be used for any particular 
purpose depends, of course, on the volume of 
traffic to be handled. Figure Number 28 shows 
that trunks may be provided from the district 
selector frame to other offices, to groups of office 
selectors, to toll boards, to operators, etc. The 
district selector circuit is provided with a repeating 
coil through, which is supplied the talking current 
for the calling 'subscriber. 

The office selector is mechanically similar to the 
district selector and operates in the same manner. 



Figure 28 
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The circuit, however, is simpler and does not 
contain a repeating coil. From its terminal banks 
run trunks to distant central offices. 

The trunks to the distant central offices ter- 
minate in those offices on incoming selectors. 
These are typical panel type selectors but each 
bank is divided into four groups of 24 trunks. 
Each of these groups gives access to a certain 500 
subscribers’ terminals in the office, as shown in 
Figure Number 29. On all incoming frames, 
trunks in the same relative location lead to the 
same group of 500 subscribers’ terminals and the 
numbering plan is the same in all offices. 

The ringing current for ringing the called sub- 
scriber is applied at the incoming selector. In 
machine switching offices each party, whether on 
a 2-party line or on a 4-party line, has his own 
number and his own set of terminals in the final 
frame for calls going out to that party, although 
for calls coming in from that line there is only 
one set of terminals in the line finder frame for 
all the parties on the line. In offices having 
direct lines and 2-party lines only, the ringing 
current is alternating current with the generator 
on the ring side of the circuit and ground on the 
tip side. On 2-party lines the bells of the two 
parties are connected from the ring and the tip 
sides of the line, respectively, to ground and the 
connections of the final terminals for that party 
whose bell is connected from the tip side of the 
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line are reversed, so that when he is called the 
generator current is sent out on the tip side of the 
line and ground on the ring side. In offices having 
4-party lines with selective ringing, superimposed 
ringing current is provided. The generator cur- 




Figure 30 













rent is always on the ring side of the circuit ’of 
the incoming selector and ground on the tip side, 
but there is a bar on the commutator which causes 
the superimposed direct current to be negative 
when the selector is stopped on any of the ter- 
minals of the first and third groups of trunks in 
each bank of the incoming selector frame and 
positive when the selector is stopped on any of 
the terminals of the second and fourth groups. 
The bells of two of the parties on the line are 
connected from the ring side to ground and biased 
to respond to positive and negative superimposed 
current respectively. The bells of the other two 
parties are connected from the tip side of the line 
to ground and biased also. Party Number 1 is 
rung by negative superimposed current on the 
ring side of the line and party Number 3 by posi- 
tive superimposed current on the ring side of the 
line. Parties numbered 2 and 4 require negative 
superimposed current on the tip side and positive 
superimposed current on the tip side, respectively. 
For these latter parties the connections of the 
final terminals to the line are reversed. It will be 
necessary, then, that parties Number 1 and Num- 
ber 2 have numbers which can be reached by the 
trunks in the first and third groups in any bank 
of the incoming frame, while parties Number 3 and 
Number 4 must have numbers that can be reached 
by the second or fourth groups. That is to say, 
any telephone which is party Number 1 or Num- 
ber 2 on a 4-party line must have a number chosen 
from 0000-0499, 1000-1499, 2000-2499, etc., while 
any telephone which is party Number 3 or party 
Number 4 must have a number chosen from 0500- 
0999, 1500-1999, 2500-2999, etc. The numbers 
of the four parties on one line, however, bear no 


further relation to each other. Figure Number 30 
shows this system of ringing. 

The incoming selector circuit, like the district 
selector circuit, contains a repeating coil through 
which is fed the talking current for the called 
subscriber and the current for the trunk between 
the two offices. 

The trunks from the incoming selector frame 
terminate on final selectors. These differ very 
little from the typical panel type selectors but 
each set of terminals in their banks represents not 
a trunk but a subscriber’s station and as no over- 
flow terminals are required, 500 subscribers’ sta- 
tions can be reached by each selector. District, 
office, and incoming selectors are directed to the 
beginning of a group of trunks and then auto- 
matically hunt through that group for an idle 
trunk. Final selectors are directed to a certain 
group of 10 subscribers’ stations and then must 
be directed to the particular station called. As 
the sets of terminals are only 1/8 of an inch apart, 
the final selector must move slowly when being 
directed to the particular station. For this reason, 
final selector frames are provided with a third cork 
covered roll which turns at about 1/4 the speed 
of the other rolls and drives the selector during 
the selection of the set of terminals representing 
the called subscriber’s station. The final selector 
tests the line on which it stops and if it finds the 
line busy it returns to normal and sends back 
a busy signal. If a subscriber has a private switch- 
board with several consecutive lines, the final 
selector will stop on the terminals of the line the 
number of which was dialed, but if it finds that 
line busy, instead of returning the busy signal it 
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will continue to the next line and not give a busy 
signal unless it finds all the consecutive lines of 
that subscriber busy. As soon as the selections 
on the final frame have been completed, the sender 
which has been controlling the movement of the 
selectors is released so that it may be used by 
another subscriber and if the line wanted is found 
idle, ringing current is applied at the incoming 
selector, as previously described. When the called 
party answers, the circuits are cut through for 
talking. 

The release of the connection is under the control 
of the calling subscriber. When he hangs up his 
receiver, all of the apparatus involved in the call, 
with the exception of the final selector, returns to 
normal. After a predetermined interval the final 
selector also returns to normal. Should the called 
subscriber hang up his receiver, but the calling 
subscriber fail to do so, the apparatus will not 
be released but after a given interval the Mainte- 
nance Force will be advised of this condition by 
an alarm. 

Message rate service is given with the panel 
type system and the message registers are operated 
automatically by the apparatus. The scheme of 
operation is shown in Figure Number 31. The 
answer of the called party causes the operation 
of relay “CS-1,” which causes the relay “CS-2” to 
operate, relay “A” being, of course, operated as 
long as the connection is made. The operation 
of relay “CS-2” reverses the current in the trunk 

The 

In describing the method of making a connec- 
tion a description of the operation of the most 
important feature of the panel type system has 
so far purposely been omitted so that this feature 
may be especially emphasized. It will be remem- 
bered that it was stated that in the panel type 
system, direct control of the selectors by the sub- 
scriber’s dial and numerical selection have both 
been abandoned so that it is necessary to provide 
some mechanism which shall record the number 
as dialed by the calling subscriber, hold it, inter- 
pret it into terms of brush and group selection, and 
control the selectors in accordance with it. This 
mechanism as provided in the panel type system 
is known as the sender, and it and its associated 
apparatus constitute the most salient and dis- 
tinctive features of this system. The sender with 
its associated mechanism of translator and pulse 
machine is the “brains” of the panel system and 
a thorough understanding of its functions and 
operation is essential. 


between the two offices. This causes the opera- 
tion of relay “CS” which, being polarized, would 
not operate until the current was reversed. Relay 
“I” is now operated when the interrupter makes 
its right-hand contact. Relay “CH” is operated 
when the interrupter makes its left-hand contact, 
provided that relay “I” is still operated, which 
it can be only if the called subscriber still has his 
receiver off the hook. As the interrupter makes 
its left-hand contact approximately two seconds 
(in New York) after its right-hand contact, the 
called party must answer for at least two seconds 
for the call to be recorded. The “CH” relay 
being operated, the cam of the district selector 
sequence switch when it passes through position 
Number 16, which it will do after the completion 
of the conversation and the release of the ap- 
paratus, operates the message register. 

The telephone of party Number 2 on a 2-party 
line is arranged to put ground on the line whenever 
his receiver is off the hook. This ground will cause 
the “SL” relay to be released, allowing the “CO” 
relay to release also and connecting the second 
message register to the “CH” relay when the call 
is made by this party. Message rate service is 
not given on 4-party lines. 

The registers are mounted in a cabinet behind 
locked glass doors. Each month they are photo- 
graphed with a special camera, as shown in 
Figure Number 32, and from this photographic 
record the charges to the subscriber are computed. 

Sender 

Figure Number 33 shows a frame of subscribers’ 
senders. The equipment for 5 senders is mounted 
on this frame. Each sender comprises the relays 
and other apparatus mounted in one of the metal 
cabinets and the 1 1 rotary switches and 6 sequence 
switches mounted to the right and left of the 
cabinet. A sender therefore is not a machine but 
an electrical circuit containing rotary switches, 
sequence switches, resistances, condensers, and 
relays. 

The description of the operation of the sender 
will be divided into two parts: that due to the 
dialing of the office code, and that which results 
from the dialing of the called party’s number. 
For the time being we will consider that the calling 
subscriber has dialed the office code and that it 
has served to obtain for him a connection to an 
incoming selector at the distant office in which is 
located the line of the subscriber with whom he 
desires to speak. The calling subscriber is now 
about to dial the number. Each full mechanical 
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office is arranged for a maximum of 10,000 sub- 
scribers’ stations so that each station will be given 
a number of 4 digits. It is always necessary to 
dial at least 4 digits. If the subscriber desired 
number 0353 but dialed 353 the sender would be 
unable to determine whether or not he intended 
to dial another digit. The digits dialed by the 
subscriber are recorded by rotary switches which 
make one step for each contact of the dial. Four 
of these register switches are used to record the 
number, one for the thousands digit, one for the 
hundreds, one for the tens, and one for the units. 
The transfer of the calling subscriber’s line from 
one register to another is effected by a slow release 
relay, as previously mentioned, this relay, how- 
ever, effecting the transfer by means of another 
rotary switch designated “register control.” When 
the four registers have been set by the subscriber’s 
dialing, they determine the movement of the 
incoming and final selectors to find the terminals 
of the called party. 

The movement of the selectors is determined 
by what might be termed “reverse control.” The 
selector, instead of being made to move a certain 
distance by the sender, is driven continuously 
upward and sends back pulses of current to the 
sender. These pulses are sent by the commutator 
of the selector and are counted by the counting 
relays of the sender. When a sufficient number of 


pulses has been sent back by the selector it is 
arrested. The number of pulses to be sent before 
the selector is stopped is determined by the num- 
ber of counting relays included in the circuit and 
this is determined by the setting of the registers. 

A complete description of the operation of the 
circuits of the panel type system is beyond the 
scope of this paper. No attempt will be made to 
trace any of the actual circuits and it must be 
understood that where a circuit is shown it is 
diagrammatic and contains only such portions as 
are necessary to demonstrate its operation when 
performing one particular function. Figure Num- 
ber 34 is a simplified circuit showing one arc of one 
of the rotary register switches, some of the relays 
in the sender, and parts of the selector which is 
being controlled by the sender. The sender is 
shown controlling an incoming selector for the 
selection of the brush to be tripped. The dashed 
line separates the apparatus in the incoming selec- 
tor from that in the sender. It should be noted 
that the sender is in the office of the calling sub- 
scriber, while the incoming selector is in the office 
of the called subscriber. When the contacts 
marked “B” are closed by the sequence switch 
the “L” relay is in an operated position (having 
been previously operated) and is held operated 
by the path through the stepping relay. The 
upward drive clutch of the selector also receives 
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current through the contact of the “L” relay and 
therefore drives up the selector. It will be seen 
that every time the commutator brush passes 
over a metal segment in the commutator another 
path is formed for the current through the “L” 
relay, which shunts out the stepping relay. The 
“L” relay is held continuously operated, either 
by the path through the stepping relay or by that 
through the commutator, while the stepping relay 
is operated whenever the commutator brush rests 
on insulation and released whenever the com- 
mutator brush rests on metal. The first operation 
of the stepping relay operated counting relay 
Number 2 . When the stepping relay released due 
to being shunted out by the commutator, it re- 
moved the shunt around relay number 2 ', which 
operated and transferred the connection to count- 
ing relay Number 1. This operates when the 
stepping relay comes up again and relay number 1' 
operates when the stepping relay releases again. 
The process is repeated each time the commutator 
brush passes over a metal segment and finally 
relays FO and BO are operated, cutting off the 
stepping relay altogether and causing the sequence 
switch of the sender (R designates the magnet of 
the sequence switch) to turn and release the count- 
ing relays which were held operated. The “L” 
relay is still held operated through the commutator 
but when the commutator brush passes off the 
metal segment, the “L” relay is released, cutting 
off the drive clutch and stopping the selector. 
This also causes the sequence switch of the in- 
coming selector to turn, changing the connections 
of the selector for the next operation. This is 
the fundamental method by which the panel 
selectors are controlled for the selection of the 
brush to be tripped, for the group of trunks to be 
used, and, in the final selector, for the selection 
also of the terminals of the called party. The 
stepping relay is shown in Figure Number 35 and 
a counting relay in Figure Number 36. 

We will suppose that the subscriber dialed 
number 4579. This means that brush Number 2 
must be tripped on the incoming frame, since only 



Figure 35 



Figure 36 

this brush has access to stations whose numbers 
begin with 4 (see Figure Number 29). To trip 
brush Number 2 the selector must rise until the 
commutator brush has passed over the third 
metal segment of the “A” commutator bar (see 
Figure Number 37). This is accomplished as 
just described. The selector being stopped, the 
sequence switch of the incoming selector causes 
the trip rod to rotate and the selector to start 
again. The upward movement of the selector 
trips the brush. Group Number 1 of trunks must 
be selected, since only this group leads to stations 
whose numbers begin 45. The setting of the 
thousands and hundreds registers together deter- 
mine this, for had the number begun 55 it would 
have been necessary to trip the same brush but 
to select a different group of trunks. The selector 
is allowed to rise past the second metal segment 
of the “B” commutator bar and the brush will 
then be at the beginning of the second group of 
trunks. It will be seen that in these selections 
the function of the registers is to connect the proper 
number of counting relays into the circuit. 

Mention has been made above of the “A” and 
“B” bars of the commutator. Figure Number 37 
will make clear the arrangements of the various 
bars of the commutators and the functions which 
they perform. It will be seen that the commu- 
tators are different for different types of selectors 
but certain features are common to all types. The 
white parts represent metal and the black portion 
insulation. Each metal bar is designated by a 
letter opposite its terminal with the exception of 
the bars marked “A” which are in one piece with 
the “Z” bars. Each of the long bars on the 
“feeder” side is continuous but only the portions 
shown in white appear on the face of the commu- 
tator; where interrupted by black, the bar is bent 
below the surface of the insulation in which it is 
embedded. In the diagrams below the commu- 
tators, the short vertical lines represent spring con- 
tacts of the commutator brush which slide up and 
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down on the bars whose letters appear opposite the 
vertical lines. These contacts are narrow enough 
not to touch the side portions of the A, B, C, and 
Z bars. Each commutator has a set of bars 
marked T, R, and S and the contacts of the com- 
mutator brush which slide on these bars are con- 
nected through wires inside the selector tube to 
contacts of the selector brushes which rub on the 
terminals of the selector banks. Each commu- 
tator also has a G bar which is connected to ground 
and simply serves to feed ground to other con- 
tacts of the commutator brush. The bars with 
which we are principally concerned at the present 
moment are the A, B and C bars. The portion 


The selector now being at the beginning of a 
group of trunks it automatically hunts through 
that group, and through the succeeding groups, 
if the intermediate overflow terminals are made 
busy, for an idle trunk. The connections for this 
performance are arranged as shown in Figure Num- 
ber 38. The “L” relay is operated and the up- 
drive clutch is receiving current through the con- 
tact of the “L” relay so that the selector is going 
up. The sleeve terminals of busy trunks will have 
ground on them. So long, then, as the sleeve con- 
tact of the selector brush is touching the sleeve 
terminal of a busy trunk, the“L” relay will be held 
operated Jiy the ground on the sleeve terminal. As 



marked “A” controls the selection which chooses 
a brush to be tripped, each of the 5 metal segments 
being placed at the correct height to bring the 
selector in position for tripping one of the 5 
selector brushes. The segments of the “B” bar 
are spaced apart the length of a group of trunks 
in the terminal bank. It will be noticed that they 
are different for the district and office selectors 
from those for the incoming selectors, for the 
trunks in the district and office selectors are 
divided into groups of 10 and in the incoming 
selectors into groups of 24 as previously described. 
The “C” bar is used for centering the brushes 
when trunk hunting and will be referred to later. 


soon, however, as the selector brush passes off 
the terminals of the last busy trunk there will be 
no ground there to hold operated the “L” relay. 
But should the “L” relay release at this moment 
the current would be cut off from the clutch and 
the selector would drop back onto the terminals 
of the last busy trunk. This is prevented by the 
fact that the “L” relay is obtaining ground 
through the commutator brush which is touching 
one of the metal segments of the “ C ” commutator 
bar. Not until the commutator brushes pass off 
the metal segment does the “L” relay release, 
cutting off the clutch and stopping the selector. 
By this time, however, the selector is opposite 
the terminal of the idle trunk and the pawl in 
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the clutch has fallen into a notch in the rack so 
that the selector is prevented from dropping 
down. Thus it will be seen that in trunk hunting 
the condition of the sleeve terminal of the trunk 
determines whether or not the selector will stop 
on that trunk and the metal segments of the 
commutator merely serve to assure that the selec- 
tor will be raised high enough so that the pawl 


in the clutch will surely fall into the notch in the 
rack and the selector be held on the idle trunk 
and not be allowed to slip back onto the trunk 
below. Should the selector find all the trunks in 
the group busy it will pass over them all and onto 
the overflow terminals and the “Z” segment of 
the commutator. This will give a busy signal to 
the calling subscriber. 


The Office Code 


Let us now consider the office code. The sub- 
scriber is instructed to dial the first three letters 
of the name of the office. It will be seen that 
dialing three letters is the same as dialing three 
figures, for the letters appear in the same holes 
as the figures, and, of course, the dial cannot 
transmit a letter but merely makes and breaks 
the circuit a certain number of times. Thus, dial- 
ing “PEN” for Pennsylvania Central Office is the 
same thing as dialing 736 (see Figure Number 39). 
The first three letters of the name are used, since 
it is easier to remember the name and four figures 
than to keep in mind the seven figures that other- 
wise would be required. With this arrangement we 
cannot have two offices in the same area whose 
names begin with the same three letters in the 
same order, nor can we have two offices whose 
names begin, not even with the same three letters, 
but with three letters which correspond to the 
same three numbers in the same order. Thus if 
we have an office named Canal, the number code 
for that office is 226, and we cannot have offices 
named Cambridge, Bampton, Banks, Abner, 
Aborn, Acme, or Acorn, for all these would have 
the same number code and would be the same 
thing when dialed. 

It will be observed that no letters appear in 



Figure 39 


the hole with the figure 1, so that the digit 1 never 
forms a part of the office code. There are two 
reasons for this. This figure is used for the second 
and third digits of certain official codes, such as 
codes for Long Distance, Repair Clerk and Com- 
mercial Office. Furthermore, if 1 formed the 
first digit of some office codes an accidental jog 
of the switchhook before the subscriber starts to 
dial would have the same effect as dialing this 
digit. In any code, the first digit dialed is never 
a 1 and the sender is so arranged that the dialing 
of 1, or, what amounts to the same thing, jogging 
the switchhook before beginning to dial, does not 
interfere with the operation of the apparatus. It 
is hardly possible that the subscriber could, by 
jogging the switchhook, dial any other number, 
since he could not imitate in that way the rapid 
and uniform pulses of the dial. Jogging the switch- 
hook three times would therefore be received by 
the sender as a series of three l’s rather than as 
a 3 and would not affect the subsequent dialing. 

The digit 0 is reserved for dialing the operator 
so that 8 holes are left into which to put letters. 
T his makes it necessary to eliminate two letters 
from the alphabet and “Q” and “Z” have been 
omitted. Since all of the three letters in the same 
hole will be the same digit, the number of different 
combinations available is 512 where three letters 
are used for the office code. Not all of these 
combinations are actually available, however, 
where the offices are given names, since for some 
of the combinations such as WWW, WWX, WWY, 
WXW, WXX, WXY, WYW, WYX, WYY, XWW, 
XWX, XWY, XXW, XXX, XXY, XYW, XYX, 
XYY, YWW, YWX, YWY, YXW, YXX, YXY, 
YYW, YYX, and YYY which represent all the 
possible arrangements of the code 999, it is hard 
to find a suitable name, in the English language 
at least. Only in very large cities is the number 
of offices to be dialed by the subscribers so great 
as to require the use of 3 digit codes. By dialing 
the first two letters of the office names 64 codes 
may be obtained. 

The subscriber then dials the first three letters 
of the name of the office which he desires and 
these set three register switches known as “A,” 
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“B,” and “C” registers to positions corresponding 
to the number of pulses produced by the dial for 
each letter. The combination of these positions 
must determine a number of questions in regard 
to the call which the subscriber is making. These 
are as follows: 

1. The class of the call; whether it is to reach a 
mechanical line, a line in a manual office, or an 
operator. 

2. Whether the call is covered by the regular tele- 
phone charges or should be sent to an operator 
in order that a toll charge may be made. 

3. What district brush should be tripped. 

4. What group of trunks on the district frame is to 
be selected. 


5. Whether or not an office selector is required in 
order to reach the proper trunk. 

6. What office brush is to be tripped (if an office 
selection is to be made). 

7. What group of trunks on the office frame is to be 
selected (if an office selection is to be made). 

8. What compensating resistance should be intro- 
duced into the circuit during the control of the 
selectors to compensate for the resistance of the 
circuit over which the selection is to be made. 

9. Whether the call should be routed to a special 
operator such as long distance or toll. 

10. Whether a delay should be introduced for the 
recording of a number above 9999 or for a party 
letter of a manual party line. 

11. What type of connection is necessary during 
talking. 


The Translator 


It is the function of the translator to settle 
these questions. Each sender is connected per- 
manently to its own translator selectors. The 
translator for 3 digit codes which is shown in 
Figure Number 40 consists of a panel type 
selecting mechanism having 10 banks of 40 ter- 
minals each and a hunting bank of 57 termi- 
nals. In the hunting bank the terminals are in 
a single vertical row before each selector in- 
stead of in three rows as in the other banks. 
Furthermore, each vertical row in the hunting 
bank is wired separately and not connected to the 
adjacent row. The alternate brushes of the 
translator are connected together and they trip 
in pairs so that there are six leads connected by 
the brushes, whenever the translator selector rests 
upon a set of terminals. The hunting bank serves 
to locate the translator selector upon the proper 
set of terminals and its terminals are connected 
to the registers of the sender. As will be seen from 
Figure Number 41, the set of terminals on which the 
translator will stop is determined by the combina- 
tion of the setting of the registers which record 
the letters which the subscriber dials. The first 
two letters determine the translator brushes which 
will be tripped and the group of eight sets of 
translator terminals which will be selected. As 
soon as the third letter has been dialed by the 
subscriber the translator selector moves up to the 
determined set of terminals. Each working office 
code has its own particular set of terminals. 
When the translator selector brushes rest on any 
set of six terminals in the translator banks there 
are six leads connected through the translator 
selector brushes to six sets of translator register 
relays in the sender, each set consisting of six 
or less relays. 


These relays by the fact of their being operated 
or not operated in various combinations deter- 
mine the number of counting relays that will be 
introduced into each selection performed by the 
district and office selectors on this call and also 
set to certain positions sequence switches which 
make the proper circuit connections for the differ- 
ent classes of calls, insert the proper compensating 



Figure 40 


resistances, etc. Each terminal in the translator 
banks is constantly fed with a series of pulses 
from the pulse machine and no two sets of six 
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terminals in the translator have the same com- 
bination of pulses. Thus each working office code 
is represented by six terminals in the translator 
with its own peculiar combination of pulses. A 
translator frame will care for 200 office codes. In 
each office two sets of translator frames are pro- 
vided and each sender is connected to two trans- 
lator selectors, each caring for a different 200 
codes. Which of these two translators the sender 


uses is determined by the first letter of the office 
code which the subscriber dials. Since there are 
512 possible codes and translators are provided 
for only 400, there are a number sets of terminals 
in the translator frames which are assigned to two 
or more codes each, only one of the codes in each 
case being used by the subscriber. Figure Num- 
ber 42 shows the arrangement of the codes on 
the translator terminals. 



The Pulse Machine 


The pulses are furnished by the pulse machine 
shown in Figure Number 43. It consists of a series 
of drums which are constantly revolved by a motor. 
Each of these drums is divided into six segments 
which may be connected either to battery or to 
ground. A complete set consists of 40 “sending” 
drums, each of which has a different arrangement 
of battery and ground on its segments as shown in 
Figure Number 44; six “receiving” drums, each of 
which has battery on only one segment; and one 
“timing” drum which has battery on all segments. 
From the 40 sending drums are chosen six which 
are connected to the six terminals in the translator 


frame which represent an office code. The same 
sending drum will be connected to many terminals 
in the translator, but no set of six terminals 
representing an office code will be connected to 
the same drums as another set representing another 
office code unless all the conditions of a call made 
with the former code are the same as those for 
the latter code. The six receiving drums are con- 
nected directly to the senders and are used for all 
office codes. The timing drum is connected to 
counting relay Number 6 in each sender and when 
in use operates a pair of counting relays at each 
contact. When it has made seven contacts the 
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connections of the pulse machine drums through 
the translator to the register relays of the sender 
will be broken. Thus during one revolution of the 
pulse machine drums certain of them will be con- 
nected to the register relays of the sender. Seven 
contacts of the timing drum are required to insure 
a complete revolution. 

During this one revolution each of the six 
sending drums which are connected through the 
translator brushes closes the leads to its associated 
register relays as many times as it has live seg- 
ments. During the same time each of the six 
receiving drums makes contact once, since they 
each have only one live segment. If the live seg- 
ments of a receiving drum and those of a sending 
drum make contact at the same moment, the 
particular register relay which is connected to the 
receiving drum, in the particular set which is con- 
nected to the sending drum, will be operated and 
locked. (The locking circuits are not shown in 
Figure Number 45.) Thus certain register relays 
will be locked up in a combination peculiar to the 
office code dialed. The object of this scheme is 
merely to make it possible to produce easily a large 
number of combinations and to change them with 
facility. The connections between the translator 
terminals and the drums of the pulse machine are 
made on a cross connection frame so as to be 
readily changed. The arrangement of the trans- 
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lator, pulse machine, and register relays is shown 
diagrammatically in Figure Number 45. 

Thus the dialing of the office code sets the 
office code registers; their setting directs the 
translator to the proper set of terminals; these 
terminals are so connected to the pulse machine 
drums that a certain combination of register 
relays will be operated, and it is that combination 
which determines the course the call will take. 

Where 2 digit codes are used, rotary switches 
are provided in each sender which act as trans- 
lators and will care for 44 codes. With this 
simpler form of translator, no pulse machine is 
required. 
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NEWARK— NEWMAN 


MANHATTAN AND THE BRONX 


★ Designates Private Branch Exchange System 
“r" Following Name Designates Residence 


Newark Sunday Call 0 E 41. . . ★.MUR yliil-2174 
Newark Terminal & Transportation Co 

438 Gwich.WAL ker-5063 
Newark Terminal & Transp< Co 

5 Hudson. WH I tehl-8330 
Newark Tortoise Shell Nov Co 

1 W 37. ★WIS consin-8464 
Newark Transformer Co 30Chrch ★ CO R tland-7637 
Newark Veoetable Oil Co 33 fi Wm.WHI tehl-7995 
Newark & N Y Express 51 Harrison. WAL ker-6414 
Newark & N Y Express 230 Pearl. .. .JOH n-2994 
Newark & N Y Parcel Delivery Co 

62 \Y 37. WIS consm-4443 
Newark & N Y Tow Boat Co 

15 Moore. BOW lGrn-3648 

Neway Edw r 101 Sterling av FAI rbnks-1423 

Newbauer Ben B r Oil Walton av.JER tmie-5692 
Newbauer Emil perfmry2328Amst av. BIL lings-1365 

Newbauer Julius r 510 W 190 BIL lings-5048 

Newbauer Minnie Mrs r, 

640 W 171. WAS hnIIgts-6669 
Newbegin Robert G rl est 

330-5th av. ★ PEN slvnia-3700 

Newberg A r 2835 Bnbrdge av RAY mond-5288 

Newberg A A acctnt 303-5tli av...ASH land-9187 
Newberg A A r 771 Crotona Pk N.TRE mont-0782 
Newberg Albert r 145 W 132. . . MOR nsic'e-8932 
Newberg Benson B r 

1530 Plimpton av . DAV enport-3397 

Newberg Chas r 51 W 174 BIN gham-6158 

Newberg Jacob r 264 Rhington. . ORC hard-0482 
Newberg Lillian drses 260 Kivugtn.QRY Dock-9183 
Newberg Rose intr declr 

3075 Bway. EDG ecomb-1350 
Newberg Rose Mrs r 1S30 Clntn av.TRE mont-1390 

Newberg Sally r 3657 Bway BRA dhrst-4613 

Newberg Stanley S r 1801Crtna av.TRE mont-2128 
Newberg & Leopold brstls 264Divn.DRY Dock-6117 

Newberger A L r Hotel Gotham CIRcle-9064 

Newberger Abraham r Hotel Gotham. Cl R cle-2200 
Newberger Abraham L 27 W 23 . . G RA mrcy-1220 
Newberger Ad dancing master 

200. W 86. END icott-5179 
Newberge Audit Co acctnts 

38 Park row. COR tland-3787 
Newberger Audit Co acctnts 

3204 Cambridge av. KIN gsbge-2170 
Newberger David accnt 

3204 Cambridge av.KIN gsbge-2170 
Newberger David acent 38 Park nr. COR tland-3787 

Newberger E r 251 W 89 SCH uyler-3192 

Newberger Edwin Mrs r 135 CPkW.END lcott-4020 
Newberger Ernest r 55C W 157. .WAD swth-7785 

Newberger H r 760 Tinton av DAY ton-3333 

Newberger HenryA r 2075Grd cone. RAY mond-4691 

Newberger J ins Bible Hse STU yvsnt-4543 

Newberger J r 219 E 196 RAY mond-5687 

Newberger Jacob ins 135 Wm BEE kman-3725 

Newberger John r 1885Lngfllw av. FOR dham-0354 
Newberger Max malt ho;>s 

243 Monroe. DRY Dock-9867 
Newberger Monroe r 255 W 90. .SCH uyler-7973 
Newberger N pntr 944 Roger pi. . . I NT rvale-5514 
Newberger Nathan I r 334 E 205.0LI nvil-1389 
Newberger Rudolf restrnt 253W47.CHI ckrng-1766 
Newberger S elec contr 409 E 14. LEX ingtn-4149 
Newberger S r 1225 Seneca av. . INT rvale-6229 
Newberger SamJ CPA 

3204 Cambridge av.KIN gsbge-2170 
Newberger Sami CPA 38 Park row COR tland-3787 
Newberger Sami Ins 2855-3d av. . ★ MEL rose-5567 
Newberger Sami & Co pub acctnts 

38 Park row COR tland-3787 
Newberger Sanford G & Co 31 E 27. MAD Sq-5639 
Newberger Sidney frgn ex brkr 27 Pine.JOH n-4376 
Newberger Sidney M r 46 W 83 . TRA falgar-1195 
Newberger Sylvia E Miss r 

1453 Mad av . ATW ater-3516 
Newbergh Chas A bldr 


Newborg Moses r 50 E 52 PLA za-1664 

Newborg Sidney lwyr 25 Broad. ... H AN over-9107 

Newborg Sidney r 175 W 72 END icott-1684 

Newborg & Co brokers 60 Bway ★ HAN OYer-4350 

Bond dept 60 3way HAN over-4370 

Newborn Jacob dairy 4194 Bway. WAD swth-9908 

Newborn Wm r 550 W 171 WAS hnHgts-2469 

Newbould A C Mrs r 

180 Rivrside dr.SCH uyler-7881 
Newbrook Co Ithr gds 100 W 32 ★ PEN slvnia-1217 
Newbrook Co 1th gds 175-5th av. . . .ASH land-7365 
Newbrook Frocks fnc The 592E183.F0R dham-4940 
Newbrook Mfg Co ladies neckwr 

170-5th av. *GRA mrcy-0158 

Newburo Harry 68 Nassau JOH n-2043 

Newburg-Rarry r 1355 Morris av..BIN gham-2939 

Newburg Jos r 21 E 119 HAR lem-8839 

Newburg Julia C r 519-3d. av. . . LEX ingtn-7224 

Newburg S restrnt 298 Bway WORth-6923 

Newburg Simon r 38 Marcy pi BIN gham-9394 

Newburger Alfred H bankr 100 Bway. R EC tor-7060 
Newburger Alfred H r 285Cent PkW SCH uyler-2423 
Newburger Anna r 1031 So blvd. INT rvale-4559-J 

Newburger B r 146 W 180 RAY mond-2729 

Newburger Bertha Mrs r 105W73.SUS qehana-5332 
Newburger Eli S brkr 11 Wall. .. .HAN over-6000 

Newburger Eli S r 16 E 96 ATW ater-4060 

Newburger Henderson & Loeb — 

Bankers & brokers 100 Bway. REC tor-7060 

Branch 202-5th av. ★ ASH land-8850 

Branch 511-5th av *VAN drblt-4560 

Branch 517-7th av ★ LON gacre-5922 

Newburger Isidore 215-4th av STU yvsnt-9100 

Newburger Isidore r 315 W 98. .RIV rslde-3037 
Newburger Jos E r 10 W 86. . . .SCH uyler-5109 
Newburger L Mrs r 5G9"W 159. .WAS hnIlgts-8569 
Newburger Lester M bnkr 100 Bway . REC tor-7060 

Residence 1 W 70 END icott-4810 

Newburger MQrton J banker lOOBway.REC tor-7060 
l.ewburger Morton J r 314 W 77.. END lcott-2329 
Newburger Sami ctn 60 Beaver. . ★WH! tehl-2640 
Newburger Sami M banker 100 Bway. REC tor-7060 

Residence 1 E 56 PLAza-0864 

Newburger Sami & Co cotton 

60 Beaver. ★WHI tehl-2640 
Newburgh Morris r 1162 Shrdn av. TOP ping-6988 
Newbury A J r 78 Manhattan av . ACA deray-3312 
Newbury Chas r 401 Logan av. . WES tchstr-1275 
Newby Emily E Mrs r 2412-7tb av. BRA dhrst-1267 
NeWby Park r 171 St Nich av...M0N umeut-7553 
Newby & Evans Co pianos 406W14.WAT kins-1049 
Newcastle Apts 601 W 162. . . *WAS hnHgts-2770 
Newchwang Trading Co 159 W 25. WAT kins-3107 
Newcity Waiter tire tubes 151E41.ASH land-4891 

Newcomb Alice 542-5th av MUR yHil-8848 

Newcomb Chas r 3702 Harper av.FAl rbnks-3795 
Newcomb Curtis S r 590 E 166. . KIL patrik-9320 
Newcomb Endicott Co 128 W 31 ★ PEN slvnia-1810 
Newcomb Everett W 114 Liberty. ★ REC tor-1398 
Newcomb F J Mfg Co frames 

42 W 13. ★CHElsea-4290 
Newcomb Frank H r 418 W 118<CAT hedrl-7649 

Newcomb H T lwyr 32 Nassau JOH n-4570 

Newcomb Harry r 353 W 26 LAC kvvana-3263 

Newcomb Henry R r 37 River dr. TRA falgar-6945 
Newcomb Jas F pres 330-7th av.PEN slvnia-7200 
Newcomb Jas F & Co Inc 

330-7th av.PEN slvnia-7200 

Newcomb Jas G r 31 E 79 RHI nlndr-6253 

Newcomb M 8 ridng schl 924-7th av.CIR cle-9665 

Newcomb M E 42 \Y 13 CHElsea-4290 

Newcomb-Macklin Co picture frames 

233-5th av.MAD Sq-2646 

Newc^nb-S G Dr 20 E 53 ★PLAza-OSIS 

Newcomb Spring Corp 

Bklyn *238-40th.SUN set-5273 
Newcomb Thos E r 390 River dr. CAT hedrl-1542 
Newcomb Virginia Miss r 165W83. END icott-4887 


Newcorn Isidor mortgages 

505-5th av. ★VAN-eUblt-3567 
Newcorn SyNia Miss r 428 E 140. MOT Havn-5479 
Newell A plasterers sup 515W42.CHI ckrng-3223 

Newell A Waring 329 E 29 LEX ingtn-5588 

Residence 43 W 52 CIRcie-4673 

Newell Ada A r Hotel San Remo. TRA falgar-5800 

Newell Alex r 596. Tinton av LUD low-0764 

Newell Carroll D 215-4th av STU yvsnt-1370 

Newell Clarence D adv 120 \Y 32 ★ PEN slvnia-6480 

Newell Claude r 311 W 44. LON gacre-2405 

Newell Emerson R pat lwyr 

247 Park av*ASH land-8573 
Newell Emmett Co adv 120 W 32 ★ PEN slvnia-6480 
Newell F B Co shirt makers 

373-5th av.CAL edonia-9328 

Newell Frank 8 373-5th av CAL edonia-9328 

Newell Fred C r 2813-Sth av. . . .BRA dhrst-8157 
Newell Fredk B Rev l50-5th av. .WAT kins- 1251 
Newell G Clifford r 540 W 123. .MON ument-2848 
Newell G Glenn artist Carnegie Hall.CJR cle-1350 
Newell Geo McCowan r 246 E 61... REG ent-4472 

Newell Geo T r 126 E 44 MURyHil-1320 

Newell Gertrude Miss r 150 E 54. . . . PLA za-3591 
Newell Grace A studio Carnegie Hall.CIR cle-1350 
Newell Gwendolyn E Mrs r 

159 W 145. BRA dhrst-6365 
Newell James sawdust 554 W 53. COL rabus-6311 
Newell John I 4529 Wilder av. . . FAI rbnks-3499 
Newell Lillie B Mrs r 448 W 153. BRA dhrst-5609 
Newell M Moyca Miss r 375 Park av. PLA za-9066 
Newell Mfg Co curtain Tods 

154 Nassau. BEE kman-6013 
Newell Mfg Co curtain rods 

154 Nassau. BEE kman-5358 
Newell Mfg Co 6Ugar machinery 

149 Bway. HAN over-8372 
Newell Margaret M Miss r 

103 W 102. ACA acmy-6337 
Newell Mary O’Connor r 

1873 Cedar av.SED gwlck-7889 
Newell Printing Service 221 W 33. CHI ckrnz-6500 

Newell Rose Mrs r 13 W 64 TRA falgar-2308 

Newell Sibyl Gordon r 246 E 61. .. REG ent-4472 

Newell Wm r 315 W 97 RIV rside-4784 

Newell Wm r 556 W 188 WAS luiHgts-2798 

Newell Wm E r 568 E 166 KIL patrik -2926 

Newell Wm H r 610 W 136.... EDG ecorab-3575 

Newell Wm P r 63 W 143 EDG ecomb-1462 

Newell & Co weighers 24 Stone. . *WHI tehl-2573 
Newell & Spencer pat Iwyrs 

247 Park avAASH land-8575 

Newelsohn M r 961 Fox INT rvale- 5497 

Newelt M J r 647 W 172.. BIL lings-0655 

Newfang Oscar 200 Mad av ★ASH land-4420 

Newfeld Garage Inc 44 W 144. .BRA dhrst-9839 
Newfeld L r 741 Hunts Pt av. . .DAY ton-9380 

Newfield Benj r 50 Av D DRY Dock-6772 

Newfield F S adrtg pub steno 

303-5tb av. CAL edonia-0029 
Newfield Furniture Co 147 W 35. LAC kwana-7534 

Newfield H F 216 W 42 WIS cousin- 0360 

Newfield Julius L r 250 W 103. .RIV rslde-8887 
Newfield Julius L r 736 River dr.AUD bon-4160 
Newfield Rose Mrs r 2080Clintn av.FOR dham-3264 
Newfield Sanfl lwyr 160 Bway. .★ COR tland-3673 
Newfield Sami r 2254 Grand cone. RAY nnnd-5692 
Newfield Victor r 1486 So bivd.INT rvale-10291 
Newfield & Feuerman Iwyrs 

160 Bway. ★COR tland-3673 
Newfoundland Power & Paper Co Ltd 

342 Mad av*VAN drblt-7186 
Newgarden Albert Dr dentist 

1690 Lex av.LEH igh-2322 
Newgarden Albert Dr r 151 W 86. .SCH uyler-6471 
Newgarden C Dr dentist 140W86.SCH uyler-132i l 

NewgassE r 175 W 76 TRA falgar-1911 

Newoass E & Co cloaks & suits 


Newhouse Gilbert M r 203 W 98. RIV rside-0845 

NewhouseJ lwyr 1650 Bway CIRcle-9499 

Newhouse J M furs 214 W 29 . . PEN slvnia-4898 
NewhouseJ M r 1712 Twnsnd av.DAV enport-1591 
Newhouse Leo & Co clthg 783Bway.STU yvsnt-3151 
Newhouse S r 131 W Kngsbge rd.KIN gsbge-4097 
Newhouse S H r Sherman Sq Hotel. END icott-8400 

NewhouseS -H Mrs r 4 W 93 RIV rside-9560 

Newhouse Sophie Mrs r 780 W E av.RIV rside-7222 
Newhouse Walter S lawyer 92 Wm. .JOH n-5413 
Newhouse & Herr Iwyrs 1650 Bway. .Cl R cle -9499 
Newill Marie Mrs r 

255 Underhill av.WES tchstr-3055 
Newing & Wilcox theatl prod 

-116 W 39. ★WIS consln-3612 

Newington Apts 330 W 95 ★ RIV rside-4174 

Newington Harry M 280 Park av. MUR yIlil-7424 
NewinQton John C 280 Park av. . . MUR yFliI-7424 

Newins Della Mrs r 21 W 131 HAR lcm-7447 

Newins Haney B real estate 

522-5th av. *VAN drblt-2962 
Newins Harvey B Inc 522-5th avwVAN drblt-2962 
Newirth Robinson & Goldman lamps 

33 E 18 ★ STU yvsnt-2062 
Newitter Milton furn 137 W 52". . .CIR cle-10351 

Newitter Milton r 130 E 94 ATW ater-8786 

Newitz & Slreit furs 220 W 29. PEN slvnia-5833 
Newkirk Evelyn S r 2327Adrws av.SED gwick-8053 
Newkirk Florence Mrs IlX 

678 St Nich av.BRA dhrst-9671 
Newkirk Frank B r 44 Pinehrst av WAD swth-4752 
Newkirk J C Mme r 28 W 135. . . . HAR lem-4985 
Newkirk Leila A Mrs furn rms 

307 W 76 .SUS qeha::a-4205 
Newkirk Loois H lwyr 92 Liberty. . . .REC tor-8240 
Newkirk Louisa J Mrs r 233W74.TRA falgar-4759 
Newkirk Troy W r 678 StNicb av . BRA dhrst-9671 
Newkirk W S off Grn Cent Term. VAN drblt-10147 

Newkirk Wm r 368 W 50 COL mbus-3352 

Newland Alice Miss r 145 W 84 . END icott-1683 
Newland Barnet 375 West End av. END icott-1283 
Newland Barnet factory 4G8 W Bway.SPR ing-2114 
Newland Headwear Co 34 W 4 . . . .SPR lng-3400 
Newland Isidor r 45 W 110. . . .MON ument-0608 
Newland M Mrs r 3089 Decatur av.OLI nvil-3556 
Newland Paper Box Co 13 Crosby . CAN al-7758 
Newland Paper Box Co 15 Crosby. . . .CAN al-3031 
Newland Robt B r 1763 Sdgwck av.SED gwick-8289 
Newland W C sllvwr 347-5tb av...ASH land-6319 
Newland W C r llC0-5th av. . . ATW ater-6188 
NewlanderL Miss Swedish employ 

788 Lex av. REG ent-3490 
NewlanderL C Miss 788 Lex av. . . REG ent-3257 

Newlands John J r 148 W 64 COL mbus-2405 

Newlin Howard M r 675 W End av.RIV rside-2619 
Newlin Katherine P Mrs r 

58 Charles. WAT kins-9059 
Newlin Lilian Washburn Miss r 

42 E 66 RHI nlndr-8384 
Newman A btehr 2029 Jerome av. .RAY mond-0216 
Newman A clothing mfr 37 E Bway. DRY Dock-8534 

Newman A laundry 63 E 183 KEL log-4947 

Newman A r 2023 Davidson av. .RAY mnnd-7562 

Newman A r 352 E 67 RHI nlndr-0734 

Newman A r 1480 Hoe av I NT rvaie-6583 

Newman A r 2725 Morris av SED gwick-0204 

Newman A r 1406 Merriara av. . DAV enport-2530 
Newman A r 1304 St Lawrnce av.WES tchstr-2694 
Newman A r 12G7 Sheridan av. . . .BIN gham-6174 

Newman A r 1715 Vyse av. 1 . DAY ton-7314 

Newman A f 269 W 113 MON ument-9382 

Newman A r 967 Aldus DAY ton-9468 

Newman A B forgn exch 115 Bway-. *REC tor-8154 

Newman A B f 251 E 13 STU yvsnt-5793 

Newman A B r 1887 Vyse av. . . .TRE mont-5857 
Newman A B Co imptrs 

238 E Hstn.DRY Dock-8278 
Newman A C milnry supp 

1352 St Nich av. BIL lings-3261 


Figure 46 


The Call Indicator 


Figure Number 46 is a portion of a New York 
City telephone directory. It will be seen that no 
distinction is made between lines in manual central 
offices and those in machine switching central 
offices, for at the time this directory was issued 
Academy was a machine switching central office 
and Vanderbilt a manual office. So far as the 
subscriber is concerned, there is no difference in 
the two types of call. If the office code which the 
subscriber dials is that of a manual central office 
the sender will receive from the pulse machine, 
pulses which will cause it to select a trunk to that 
office in the usual manner but to function beyond 
that point in a different manner from its procedure 
in the case of calls to machine switching central 
offices. 

The trunk to the manual central office termi- 
nates there at a position of the “B” board which is 
fitted with a device known as a “call indicator.” A 


“B” board with call indicators is shown in Figure 
Number 47 and a close view of a call indicator in 
Figure Number 48. It consists of a glass plate be- 
neath which lamps and stencils are arranged so as 
to display a series of numbers when the lamps are 
lighted, different numbers being displayed by light- 
ing the proper lamps. The plan of operation for 
the call indicator is shown in Figure Number 49. 
The trunks appear as single ended cords with lamps 
and keys as on a regular manual “B” board. 
When one of the trunks on a call indicator posi- 
tion has been selected by the mechanical apparatus 
in a machine switching central office it is indicated 
by the lighting of the assignment lamp associated 
with the trunk. The operator then presses the 
display key which serves to associate the call 
indicator with that trunk and to cause the sender 
in the machine switching central office to send 
out a series of pulses which lights certain lamps in 
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the call indicator and so display the number de- 
sired. The operator then makes connection to 
that line by inserting the plug of the cord into 
the jack of the line in the usual way. This causes 
the call indicator to be disconnected and the lamps 
extinguished ready for another call. The pressure 
of the “home” display key causes the number to 
be displayed on the call indicator of the position 
at which the trunk terminates. The trunks may 
also be provided with “teamwork” display keys 
which, when pressed, cause the number to appear 
on the call indicator of the adjacent position, 
enabling the operators to assist one another in the 
handling of the calls. 

Manual central offices will accommodate 10,500 
lines and four party stations in manual offices are 
designated by the letters “J,” “M,” “R,” and 
“W.” For certain stations, therefore, it is neces- 
sary to dial five digits or four digits and a letter. 
An extra register is provided in the sender for 
this purpose and on calls to offices where there are 
stations requiring five digits or four digits and a 
party letter, a delay will be introduced to allow 
the fifth digit or the party letter to be dialed. 
That is, if there are four party lines in the office 
called, the sender will receive pulses from the 
pulse machine which will cause it to wait for four 
seconds after the dialing of the fourth digit to 
receive the party letter. If no party letter is 


dialed at the expiration of that time, the sender 
will proceed, it being assumed that there is no 
party letter. For offices having lines with num- 
bers above 9999, the delay will be introduced only 
if the first two digits dialed are 1 and 0, since the 
only numbers of five digits are between 10,000 
and 10,499. 

The pulses from the sender to the call indicator 
are sent out by a sequence switch in the sender, 
which makes one revolution in the course of 
which it transmits a series of positive and negative 
pulses over the trunk to the manual central 
office. Four pulses are allowed for each digit 
to be displayed in the call indicator. The sender 
cancels some of the positive pulses and strengthens 
some of the negative pulses as determined by the 
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registers of the sender which recorded the various 
digits so that for each digit a particular code of 
pulses is sent. Figure Number 50 shows this code. 
These pulses are received by relays at the call indi- 
cator position and these relays control other relays, 
four of which, designated A, B, C, and D, are 
provided for each digit to be displayed. The 
operation of these latter relays determines which 
lamps will be lighted and therefore what number 
will appear in the call indicator as indicated in 
Figure Number 50. 

The three relays which receive the pulses from 
the sender are shown in Figure Number 51. The 
SN and SN-1 relays are polarized so that the SN 
responds only to positive pulses (battery on the 
ring side of the trunk) and the SN-1 to negative 
pulses (battery on the tip side of the trunk) . The 
MG relay is marginal and responds only to heavy 
pulses. Negative pulses operate the SN relay 
which controls the W and Z relays which intro- 
duce the A, B, C, and D relays successively, while 
heavy negative pulses also operate the MG relay 
which controls the B and D relays. Positive 
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pulses operate the SN-1 relay which* controls the 
A and C relays. The ST and ST-1 relays act as 
counting relays to introduce a new set of A, B, C 
and D relays for displaying the next digit. The 
operation of the circuit is explained in the figure. 
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The Machine Switching “B” Switchboard 


The reverse of the call just described is equally 
simple from the standpoint of the subscriber. 
A subscriber in a manual central office gives to 
his operator the number he requires without 
knowing whether the line which he is calling is 
or is not in a mechanical central office. The 
operator in a manual central office also makes no 
distinction between calls to manual central offices 
and calls to mechanical central offices. In each case 
she merely presses the proper call circuit button 
and passes the call to a “B” operator and the “B” 
operator assigns her a trunk to which she connects 
the call. The plan of operation for a machine 
switching office is shown in Figure Number 52. 
The “B” operator is seated at a special form of “B” 
switchboard, shown in Figure Number 53. On the 
upright part of the board is a double row of lamps 
and keys representing 60 trunks, and on the lower 
part 4 rows of key buttons marked with the num- 
bers 0 to 9. Each trunk has an assignment key, 
a disconnect key, a guard lamp, and a busy lamp, 
and is connected directly to an incoming selector 
in the office. When the “B” operator assigns a 
trunk to an operator who is calling, she presses the 
assignment key of the trunk. This causes two 


small panel type selectors mounted on a single 
frame to rise. One selector finds the trunk whose 
assignment key has been pressed, the other finds 
an idle sender of special type provided especially 
for the use of the “B” operators and associates 
it and the numerical keys on the lower keyboard 
in front of the operator with the trunk. The 
operator records the number desired on the num- 
bered keys which lock down. This sets certain 
relays in the sender which control the movement 
of the incoming selector, which is permanently 
connected to the trunk and of a final selector, and 
so makes connection to the line desired. The keys 
release as soon as the number has been recorded 
and are ready to be used for another call. The 
sender is released as soon as it has completed its 
functions. Each “B” operator has 5 sender 
selector and trunk finder circuits (provision is 
made for 6 if required), so that she can handle 
calls in rapid succession, and any sender of a large 
group common to the office may be used. A frame 
on which may be mounted the trunk finders and 
sender selectors for 3 “B” positions and 6 of the 
special senders is shown in Figure Number 54. 



Figure 53 


42 








STEPPING BUAV. jifi ilUlV- 

■Ol/ERLAP CABLES \_ f lit***' 

i Xf-uUllU 

COUNTING PELAYS^J-zTq*:* * ' 
J' ' ■ ****** : ' 


CONTROL 

rncnm 

s$mut 


\ \ t 1 ' § 

TEOUE/fte 


■: KEY CONTROL & , 
PLOTTER RELAYS 


mu djw 

timn- 


smrcHES 


SPACE FOR 


TRUNK- FINDERS ’t 


Figure 54 

“B” Operator’s Sender and Link Frame 
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The Machine Switching “A” Switchboard 


An “A” switchboard with operators is required 
in a machine switching central office for several 
purposes. If a subscriber requires assistance, or 
in case of emergency, it is important that there 
should be an operator always within reach. 
Operators are also required to make out tickets 
for the charges on toll calls and to take care of 
calls to lines which are out of service or whose 
numbers have recently been changed. A machine 
switching “A” board is shown in Figure Number 
55, and Figure Number 56 shows a closer view of 
the equipment of a combination position for 
handling all classes of calls. The manner of 
handling the various calls is as follows: 


1. Assistance Calls. 

The subscriber dials zero. The sender directs 
the district selector to a special group of trunks 
leading to a jack and lamp in front of the oper- 
ator and no further selections are made. The 
operator answers the call with a cord and gives 
the subscriber the necessary instructions. 

2. Toll Calls. 

The subscriber dials zero and is connected to 
the operator as above. Should he dial the code 
of a central office which appears in his directory 
but for a call to which a toll charge is made, the 
sender will receive from the pulse machine such 
pulses as will cause it to direct the district 
selector to a trunk leading to the operator. The 
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operator’s sender and the numbered keys 
shown in Figure Number 56 in front of the 
cords. A frame with link circuits and senders 
is shown in Figure Number 57. The operator 
records the number desired on the above keys, 
pressing first a “route” key, which directs the 
operator’s district selector to a group of trunks 


operator answers with one of the single ended 
cords shown at the right in Figure Number 56. 
The other end of this cord terminates in a dis- 
trict selector on a special operator’s district 
frame. A link circuit consisting of a cord finder 
and a sender selector, which in this case are 
rotary switches, connects to the cord a special 
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“A” Switchboard — Combination Position 
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leading to another office where the movements 
of selectors are controlled in the usual way, or 
to a tandem board where the office code and the 
number are displayed on a call indicator. 
Figure Number 58 is a plan of the operation of 
such .a call to another machine switching 
central office. 

3. Vacant Code Calls. 

If a subscriber dials by mistake an office code 
which is not assigned to any working office in 
his area, the sender will receive pulses from the 
pulse machine which will cause it to direct the 
district selector to a special group of trunks 
leading to jacks and lamps in the “A” board. 
The operator will answer in the usual way and 
inform the subscriber of his mistake. 

4. Intercepted Calls. 

All subscribers’ line terminals not in use are 
connected together in groups and each group 
connected to a jack and lamp at the “A” 
board. Lines temporarily out of service or on 
which service is denied are also connected to 
similar jacks. Anyone calling one of these 
lines wifi therefore be answered by an operator 
who will use one of the double ended cord 
circuits shown at the left of Figure Number 56. 
With these cords the operator may complete 
calls to other lines in the central office by way 
of the “B” board. 


When handling a toll call the operator writes a 
ticket and the subscriber is charged for the call in 
accordance with this ticket. As all subscribers 
in the office use the same jacks when calling the 
operator, it is necessary for the operator to ask 
the subscriber his number in order to know to 
whom to charge the call. To guard against the 
possibility of the subscriber giving the wrong 
number and so causing the call to be charged to 
someone else, each subscriber’s line is connected 
to a brass pin in a “checking multiple” installed 
in the face of the board above the answering jacks. 
If while the operator is talking to the subscriber 
she touches the pin connected to his line with the 
tip of a plug on a special checking cord, one of 
which is installed in each operator’s position, she 
will hear a distinctive tone and she will not hear 
this tone when she touches any other pin in the 
checking multiple. The operator may thus verify 
the correctness of the number given by the sub- 
scriber. 

The cord circuits of the “A” board are so 
arranged that the answer of the operator does not 
operate the subscriber’s message register. 

Figure Number 59 is a view of an operating 
room showing both A and B switchboards. 
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Figure 59 
Operating Room 
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The Sender Monitor 


In manual telephone systems any irregularity 
in the progress of a call is at once made apparent 
to the operator by the condition of the supervisory 
lamps. On machine switching calls there is no 
operator to keep watch or “monitor” so that other 
means must bp provided to take care of the sub- 
scriber should trouble arise in the course of the 
operation. 

Each sender circuit is provided with a time 
measure which consists of a rotary switch oper- 
ated by an interrupter. As soon as the sender has 
been connected to a subscriber’s line, this time 
measure starts to count time and if at the end 
of a certain time (33 seconds to 1 minute in New 
York) the subscriber has not dialed, a lamp, one 
of which is connected to each sender, is lighted. 
This lamp appears at a switchboard known as 
the “trouble desk” in front of an operator called 
the “sender monitor.” A trouble desk is shown 
in Figure Number 60. The two girls seated at 
the left are the sender monitors. The time 
measure continues to operate during all of the 
time that the sender is in use. Should the sub- 
scriber fail to dial all of the number, or should the 
sender fail to complete its proper functions in a 
given time, the lamp will light. Associated with 
each sender lamp are jacks, by means of which 
the sender monitor can enter the talking circuit 
and talk to the subscriber. She may also, by 


means of these jacks, release the sender from the 
connection or make it busy if it is causing the 
trouble, so that it may be kept out of use until it 
can be repaired. Should the sender lamp light, 
but the sender monitor not find a subscriber on the 
line, a condition which would occur if a receiver 
were accidentally left off the hook, or any of those 
conditions be present which in a manual central 
office would cause a permanent line signal, she 
may cause the call to be routed to a trunk known 
as a “permanent signal holding line,” which ter- 
minates in jacks and lamps at her position. In 
this way the subscriber’s line which is causing the 
trouble is connected to the sender monitor and 
the sender released so that it may be used by 
another subscriber. 

All vital parts of the apparatus, such as driving 
motors, fuses, etc., are provided with alarms so 
that any failure which would affect operation is 
at once announced to the maintenance forces. 
These alarms are grouped on panels known as 
“floor alarm boards,” one of which is provided 
on each floor. Pilots at the trouble desk also call 
the attention of the sender monitors to the failure, 
and aisle pilots, located near the ceiling at the 
end of each aisle between the rows of frames of 
mechanical apparatus, indicate the location of the 
fault, so that it may be quickly found by the 
maintenance men. 


49 



Testing 


The right-hand part of the trouble desk in 
Figure Number 60 is the outgoing trunk test 
board. Here appears a multiple of all trunks 
going out of the office. A complete equipment 
of keys for making calls, a dial, a voltmeter, etc., 
are provided so that the testmen are able to make 
complete tests on all of these trunks and check 
not only their condition but the operation of the 
apparatus to which they are connected in distant 
central offices. 

Equipment similar to that used in manual 
offices is provided for testing subscribers’ lines 
and, in addition, an automatic apparatus to assist 
repairmen in adjusting the speed of subscribers’ 
dials. This consists of a pendulum device mounted 
on the wall of the central office. A repairman at 
a subscriber’s station, wishing to adjust the dial, 
dials a special code, which connects the sub- 
scriber’s instrument to the dial tester. He then 
dials zero and the dial tester indicates to him by 
means of tones whether the dial is moving too 
fast or too slow. 

To give the best type of service to the subscribers 
and to maintain the equipment at its best effi- 
ciency it is not considered sufficient to care for 
troubles in the machine switching apparatus as 


they occur in actual use, but in each office equip- 
ment is provided for routine testing of the appa- 
ratus at stated intervals, even though no faults 
have appeared in service. A test frame is provided 
for each type of selector and each type of sender 
in the office. Figure Number 62 shows a frame 
for testing incoming selectors and Figure Number 
63 portable and permanent types of equipment for 
testing subscribers’ senders. The test frames are 
automatic in operation. When in use a test frame 
connects itself to each of the selectors or senders 
which it is designed to test and simulates calls 
passing through that selector or sender under the 
limiting conditions for proper operation. If the 
selector or sender responds properly, the number 
of tests is registered and the next selector or 
sender taken in turn. Should a selector or sender 
fail, however, the operation is arrested while the 
test frame sounds an alarm and indicates by 
means of lighted lamps at what point in the opera- 
tion the failure occurred. The test frames when 
making routine tests will not, of course, interfere 
with selectors or senders which are in use by sub- 
scribers. 

For making tests on particular selectors while 
observing their operation a portable test set such 
as is shown in Figure Number 61 is used. 
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Figure 62 

Incoming Selector Routine Test Frame and Floor Alarm Board 
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Permanent and Portable Subscriber’s Sender Routine Test Sets 
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